Background: The early stage of Parkinson's disease (PD) (Hoehn-Yahr (HY) I-II stages) is characterized by a negative pull test, which clinically excludes postural instability. Previous studies with dynamic posturography detected balance disturbances even at the onset of the disease but the age dependency or prediction of dyskinesia with dynamic posturography are not known. Objective/hypothesis: We hypothesized that the postural instability evoked by dynamic posturography was part of the early stage of PD. Furthermore, we studied how we can provoke dyskinesia. Methods: Postural instability with static and dynamic posturography (passing balls with different weights around the body) was studied in 45 patients with PD in their HY I, II stages. They were compared with 35 age-matched healthy controls. Eighteen patients with dyskinesia were involved in the study. Fourteen patients were followed for two years. Results:The pathway and velocity of the movement assessed by static and the dynamic posturography were significantly higher in the group > 65 years than that of age-matched healthy controls, while the group ≤ 65 years showed a significant increment only in the anteroposterior sway during dynamic posturography. The imbalance of patients with dyskinesia was significantly (p < 0.05) provoked by dynamic posturography compared to patients with PD without dyskinesia. The results were independent of age. Conclusion: Postural instability is part of the early symptoms of PD. Non-dopaminergic pathways may be involved in the early stage of PD.
Introduction
With the appearance of non-motor symptoms the quality of life in patients with Parkinson's disease (PD) can be significantly worsened (Hely et al., 1999) . It is a hallmark of A C C E P T E D M A N U S C R I P T the disease when the postural instability can be detected with clinical examination, namely the pull test which becomes positive reflecting Hoehn-Yahr stage III. In the early phase of PD the postural instability is an enclosure symptom, according to the present diagnostic criteria. If the postural instability appears in the early stage of the disease, multisystem atrophy (MSA) is assumed. It is hypothesized that disequilibrium emerges only in special situations in the early phase of the disease. For example, the maintenance of balance becomes difficult with divided attention or on an uneven surface. Furthermore, it may be provoked by different activities of life, including carrying a suitcase or turning around in a small space that lead to a fall. These special cases in life may be predicted by dynamic posturography (Ahmed et al., 2017; BronteStewart et al., 2002; Nardone and Schieppati, 2006; Lee et al., 2012) .
Posturography measures postural instability in a quantifiable way (Bartlett, et. al., 2014; Leach, et al., 2014; di Fabio, 2014; Nagymáté et al., 2018) . Its sensitivity and diagnostic accuracy can be intensified by different provoked tests (dynamic posturography). One of them is pushing the shoulders with a certain power (Chen et al. 2015; Santos et al. 2010) , although it demands a complicated apparatus. The other one is performed by a dynamic force-plate or cylinder which is dangerous for patients with severe symptoms (Bronte-Stewart, et al. 2002; Ebersbach and Gunkel, 2010) . Another spirited investigation was inducing postural perturbations by dropping loads (Aruin and Latash, 1995) . A review on dynamic posturography was written by Petró et al. (Petró et al., 2017) . In our study a simple, easily reproducible dynamic posturography test has been created which can be used in daily practice and on a static platform.
The main goal of the present study was to examine postural instability in the early phase of PD when the balance disorder cannot be detected with a clinical test. In the present investigation, postural instability with static and dynamic posturography was measured in patients in their early phase of PD with Hoehn-Yahr (HY) stages I-II (Hoehn and Yahr, 1967) . In addition, we wanted to point out whether dyskinesia can be provoked or increased by dynamic posturography. Postural instability was assumed to appear even in the early phase of PD when it could not be detected by a routine neurological examination but it could be identified with dynamic posturography. The age dependent imbalance was in the focus of our present study.
Patients with dyskinesia were hypothesized to make increased involuntary movements which can be predicted by dynamic posturography.
Material and Method

Patients
The Regional Ethical Research Committee of Petz Aladár County Hospital in Győr has provided permission for the present trial.
Forty-five patients with PD and 35 age-matched healthy controls were involved in the present study. They were divided into two groups according to their age, below and above 65 years.
Demographic data are presented in Table 1 . Patients with PD in their Hoehn-Yahr stage (HY) I and II whose pull test was negative were enrolled in the study. They did not have clinically measured postural instability. Posturography was assessed under the influence of drugs.
Patients took levodopa and entacapone, and they did not take dopa agonists. Fourteen patients (N = 8 ≤ 65 years and N = 6 > 65 years) were followed for two years. Their postural instability was measured every half year. We had a separate group with dyskinesia (N = 18). 
The applied methods
Postural instability can be detected with greater accuracy with a stabilometer than score systems or a pull test (Nagymáté, et al. 2016) . Subjects were examined standing in an upright position with both legs on a force plate for one minute while their foot pressure was detected.
The force plate was connected to a computer through Bluetooth. We used a Nintendo Wii balance board (Bartlett, at. al., 2014; Leach, et al., 2014; di Fabio, 2014; Llorens et al., 2016) .
The sway of subjects was analysed with the Stance program. The pathway, the velocity, the amplitude of latero-lateral and antero-posterior sway were measured and used. Subjects stood with open eyes, and then with closed eyes for a minute (static posturography). The patients were asked to turn balls with different weights (half kilogram, one kilogram, two kilograms) around their body. The center of the body mass was tilted by the balls and the patients had to adjust continuously (postural adjustment).
Statistical analysis
Results are expressed as the mean  standard deviation of mean (S.D.) and sample size (N) for each treatment group. The normality of data was checked by applying the Shapiro-Wilk's test.
When non-normal data could not be rejected, homogeneity of variances was assessed through the Levene's test. Means were compared by parametric "two sample independent Student's ttest". The linear correlation (Pearson r-values) analysis was made to show the effect of the ball characteristics with the scatter plot diagram. The Fisher r-to-z transformation was applied to assess the significance of the difference between the two correlation coefficients.
The analysis was two-sided or one-sided, with a level of significance of α = 0.05. All statistical analyses were done using the SAS 9.4 (SAS Institute Inc., Cary, NC, USA.) software package.
Results
A new method of dynamic posturography was applied in our present study. It is necessary to analyse whether the weight loading proportionally changes the postural instability.
There was a high correlation between the weights of the balls and the provoked imbalance. In all of the controls, the correlation coefficient was high between half kg and 1 kg (r = 0.837 p < 0.001) ( Fig. 1 ) and between 1 kg and 2 kgs (r = 0.826, p < 0.001) (Fig. 2 ) in PD. The imbalance was demonstrated in the change of the pathway. It means that the loading with weights passed around the body is an appropriate provoked test for postural instability since the provoked imbalance and the weights were highly correlated. According to the comparison of correlation coefficients, the patients with PD showed a higher sensitivity to elevating and turning the weights.
Our comparative study was based on the evaluation of pathway, velocity of tilting and amplitudes of sway in the antero-posterior (AP) and latero-lateral (LL) directions in stance upright position over a force plate. Both the velocity and pathway of patients (N = 27) under 65 years were congruent with the age-matched healthy controls (N = 22). However, a significant difference was observed in the amplitude of oscillations during dynamic posturography (see Table 2 ). Values of the pathway (Fig. 3 ) and velocity (Fig. 4 ) of patients over 65 years were significantly higher both in static and dynamic posturography than those of the age-matched healthy controls. They showed a greater sensitivity to dynamic posturography than the younger
group. The values of the pathways and velocities of patients with PD followed for two years did not change.
Those patients with dyskinesia had a high standard deviation reflecting the fluctuating state of their dyskinesia. This group of patients showed significantly higher postural instability with static and dynamic posturography than patients without it. Patients with dyskinesia in both groups represented a much higher increment in postural instability during the dynamic posturography than patients without dyskinesia (see Fig. 5 and Fig. 6 ).
Discussion
There is an agreement in the published studies that when the balance instability is clinically detectable, static and dynamic posturography will proportionally demonstrate the changes in balance (Minamisawa et al., 2012; Nardone and Schieppati 2006; Ahmed et al. 2017; Contin et al., 1996; Ebersbach and Gunkel, 2011; Bronte-Stewart et al., 2002 , Lee et al., 2012 Ickenstein et al., 2012; Nonnekes et al., 2013; Doná et al. 2016; Johnson et al. 2013) . It was reviewed by Rinalduzzi et al., Kamieniarz et al. and Petró et al. (Rinalduzzi et al., 2015; Kamieniarz et al., 2018; Petró et al., 2017) . In spite of the high correlation in the clinical and posturographic measurements in severe cases of PD, there are controversial data in the early phase of PD (Nardone and Schieppati 2016; Ferrazzoli et al. 2015; Ebersbach and Gunkel 2011; Ganesan et al. 2010; Bonnet et al. 2014; Stylianou et al. 2011) . The main goal is to detect the postural instability in the HY stages I and II. Our present study focused on the postural instability in the early stage of PD, when the pull test cannot denote any instability. The relationship between age and postural instability was also studied. The subjects involved in the study were divided into two groups under 65 years and above 65 years.
One of our main findings was that the oscillation significantly increased ≤ 65 years. Although the clinical imbalance was negative, both static (p < 0.05) and dynamic posturography confirmed the postural instability in PD over 65 years (p < 0.05), while the age-matched healthy controls did not show any detectable balance problems. When the symptoms of PD appear in older age the balance impairment provoked by closed eyes or any thrust in daily life must be taken into consideration. In this respect our observations partly confirm Bronte-Stewart's study where significantly higher scores were found in PD assessed by Postural Instability and Gait Disorder and Sensory Organization Test of dynamic posturography, but no postural instability in static measurements was found. Furthermore, the authors did not identify any age dependency of balance instability (Bronte-Stewart at al., 2002) . In contrast to their observations,
we detected an increased postural instability in both static and dynamic posturography in the older age group with mild parkinsonian symptoms. Nevertheless, our results were confirmed by Ickenstein et al. (Ickenstein et al., 2012) . They studied the static posturography in elderly patients with PD, where the results of static posturography with closed eyes significantly differed from the age-matched healthy controls, as was recorded in our study. Their conclusion was that the age alone showed significant changes on balance assessed by posturography (Ickenstein, et al., 2012; Manchester et al., 1989) . However, the negative results of our agematched healthy controls did not confirm this statement. The increased sway was associated with a major risk of falls (Doná et al., 2016) , the dynamic posturography with clinical tests can predict the falls among patients with PD (Rossi-Izquierdo et al., 2014; Johnson et al., 2013; Nonnekes et al., 2013) . Although the sway was bigger in patients with PD, the other authors cannot differentiate between those who fall and those who do not, with posturography in patients with PD (Nardone and Schieppati, 2006) . In the group > 65 years not only higher pathway was detected, but higher velocity, too. This observation confirmed the previous study, namely, where the high mean velocity was detected in PD > 65 years (Minamisawa et al., 2011) .
The division of groups of patients with PD and age -matched healthy controls made it possible to detect patients ≤ 65 years with HY stage I and II. There was no significant difference in the pathway and the velocity of standing on a force plate for one minute, but increased amplitudes of oscillations in the antero-posterior direction were measured. It may reflect increased instability assessed by dynamic posturography. The published studies with dynamic posturography are controversial in the respect of the body sway standing on a force plate (Ebersbach and Gunkel, 2011; Termoz et al. 2008; Stylianou et al. 2011 ). Ebersbach and Gunkel observed lower sway in PD than in control subjects, but the tilting was increased in patients with more severe clinical symptoms of postural instability (Ebersbach and Gunkel, 2011) . There may be smaller sway in patients with stiff ankles, which is common in patients with PD. This may decrease the sway in the antero-posterior direction (Nardone and Schieppati, 2006, Carpenter et al., 2004; Horak, et al. 1992 ). Although, the other studies presented a higher sway in PD with HY stages I-II compared to controls, confirming our results (Contin et al., 1996; Ahmed et al., 2017; Ferrazzoli et al., 2015) . It is difficult to compare different studies, because not all of them separated subjects according to their age. Age-dependency is widely studied and indicates that the onset of the disease in older age was associated with a faster progression of PD (Reinoso et al, 2014; Post et al., 2011; Spica et al., 2013; Málly et al., 2018) . The other difficulty is that in previous studies the HY II and III stages were not separated in the subjects
with PD Blaszczyk et al. 2007; Minamisawa et al. 2011 ). There is a great difference between these stages in reference to postural instability and the quality of their lives.
Dyskinesia is a common problem in PD after ten years of treatment with levodopa (Heumann, at al., 2014; Picazio, 2018) . The levodopa dose was significantly higher in patients with dyskinesia than without it. The main difficulty is whether or not to increase the dose of levodopa. The quality of life is deteriorated with dyskinesia but the exaggerated bradykinesis also has a negative effect on the patients' daily lives (Marsden 1994; Brown and Marsden, 1998 ). According to our study, patients with dyskinesia have a vulnerable postural instability, which leads to falls. These results confirm the previous data, where the Abnormal Involuntary Movement Scale was compared with the exaggerated sway caused by levodopa-induced dyskinesia (Chung et al., 2010) . The repeated measurements every half year on the force plate predicted the increased increment in pathway and velocity that the dyskinesia will appear in the near future. These changes warn the neurologist not to elevate the levodopa dose.
The postural instability in PD cannot be explained by only one reason. According to Horak et al. the sensory inputs (somatosensory, visual, and vestibular) are integrated in the central nervous system (CNS). Coordinated and scaled neuromuscular responses are given while maintaining an upright position during perturbations (Horak et al., 1992; Manchester et al., 1989) . The background tone of muscles being affected in balance is necessary. First of all we have to take into account the postural reflexes which maintain the stance upright position of the body against the force of gravity. Stance is the resultant of anticipatory and compensatory postural adjustments to maintain the balance (Santos et al., 2010) . The somatosensory inputs enter the central nervous system and coordinated muscle responses torque the ankle to maintain the equilibrium in different perturbations (Chen et al., 2015; Park et al., 2004; Horak et al., 1996) . According to a dynamic situation, the electromyography (EMG) signs changed in an opposite way in the gastrocnemius muscle and the tibialis anterior muscle in PD (Dietz et al., 1988) . When the gastrocnemius muscle was stretched, the EMG sign decreased until the EMG sign of the tibialis anterior muscle inverted and increased compared to controls. There was uncoordinated contraction after the retraction of body. The angular rotation at the ankle joint to displacement was slower (Dietz et al., 1988) . The exaggerated and uncoordinated contraction in antagonistic muscles around the ankle may initiate the disturbed sensory activation in PD (Dietz et al., 1988) . The middle latency and late latency spinal cord reflexes are changed in the muscles around the ankle assessed by EMG against an elevating plate, which may be one of the
causes of the instability in PD (Beckley et al., 1991) . The middle latency reflex in the gastrocnaemius muscle was significantly enhanced and the long latency reflex in tibialis anterior muscle was inverted and reduced (Beckley et al., 1991; Bloem et al., 1992) . It was indicated that the long latency reflex is related to stability (Rothwell et al., 1983) . Altogether the uncoordinated reaction of the muscles around the ankle and a wrong motor program may be the main causes of postural instability. However, we have to take into account that a weakened automatic postural response contributes to a fall after external displacement (Horak et. al., 1996) .
Our gold standard levodopa is not effective on postural instability or only partly effective (Horak et al., 1992; Horak et al., 1996; Bronte-Stewart, et al., 2002) . The maintenance of upright stance on a force plate needs an effective ankle torque strategy, which is better with levodopa (Baston et al., 2016) . In spite of it, it was published that levodopa significantly increased postural sway for one and two hour post-dose (Contin et al., 1996) . The fact is, that levodopa improves gait, bradykinesia, and decreases the musculoscletal rigidity but it has no therapeutic effect on postural instability. Evidence shows that beside the lesion of dopaminergic pathways, there are destroyed non-dopaminergic connections. The worsening of postural instability is one of them.
The upright stance is the combination of anticipatory postural adjustment and maintenance of balance during perturbation (Santos et al., 2010) . We have to take into account the previous studies, which concluded that the anticipatory postural adjustment is directed by central circuits, mainly by the cerebellum (Horak and Diener, 1994; Khadrawy et al., 2017) . These experiments were also confirmed by a clinical study. The training of balance tasks for six weeks increased the volume of some parts of the brain, including the cerebellum assessed by morphometric MRI examination (Sehm, et al., 2014) . Postural instability assessed by dynamic posturography in PD may confirm the early involvement of the cerebellum in Parkinson's disease.
There is a direct connection between the striatum, the subthalamic nucleus and the cerebellum (Bostan 2010) . Even in the early stage of PD, the cerebellum may have a role as important as the striatum in the formation of the symptoms of PD. Two excellent reviews summarized the role of the cerebellum in PD (Wu and Hallett, 2013; Lewis et al., 2013) .
The early involvement of the cerebellum was proved by fMRI in PD with HY stage I and II.
The authors detected an elevated activity of the cerebello-thalamo-cortical (CTC) motor circuit, which was increased with the development of the disease (Sen et al., 2010) . Our patients had
the same degree of severity as those in the previous study. While we observed a slight postural instability, assessed by dynamic posturography, until their study with fMRI detected an increased activity in the CTC circuit. They explained their observation as a compensatory activity for the decreased functional activity of the basal ganglia.
The same hypothesis was assumed by Yu et al. (Yu et al., 2007) . In their experiments, they measured an over-activity of the ipsilateral cerebellum, assessed by fMRI which did not correlate with the severity of rigidity in PD patients. They also indicated that it must be a compensatory mechanism for the decreased activity of the basal ganglia. According to the present study, we indicate that it may be the early appearance of enhanced postural instability which is a non-dopaminerg connection and involves the cerebellar pathways. Altogether, all of the experimental and clinical studies confirm the important role of the cerebellum in the early stage of PD.
Limitation of the present study is that dynamic posturography can only be admitted with the subjects who are able to stand in an upright position and can catch and hold a weight passing around body. Our conclusion for aetiology of postural instability in HY stage I-II was drawn theoretically not according to direct measurement.
Conclusion
The most interesting aspect of the present study is that postural instability assessed by dynamic posturography was increased in the patients ≤ 65 years with HY stage I and II. It was detected by the higher amplitude of sway in AP (p < 0.05). This difference was not shown by static posturography. According to this method, the postural instability is part of the symptoms in the early phase of PD, which may mean that the cerebellum and its connections are affected in PD at the onset of the disease. Our results with the patients > 65 years confirmed the published data that both the pathway and the velocity assessed by static and dynamic posturography were increased compared to the age-matched healthy controls, indicating the enhanced postural instability. The demographic data of the patients with dyskinesia showed that dyskinesia appears if the disease has been present for about 10 years. The levodopa dose was significantly higher in patients with dyskinesia than in the group of patients without dyskinesia. The dynamic posturography evoked dyskinesia during the measurement and if it was present, it was increased by ball tests. These results imply that some loss or damage of non-dopaminergic neurons may contribute to the early symptoms of PD as reflected in postural instability. This may indicate the early balance training in PD. Table 1 . Demographic data of control and Parkinsonian subjects are presented in the table. They were divided into below 65 years and above 65 years.
A C C E P T E D M A N U S C R I P T Table 2 Oscillation of patients with Parkinson's disease (PD) compared with controls during dynamic posturography. The oscillation in the direction of antero-lateralis in PD was significantly higher than age matched healthy controls, but the oscillation of latero-lateralis did not change.
A C C E P T E D M A N U S C R I P T Table 3 . Demographic data of patients with Parkinson's disease. They had dyskinesia. The group of patients was divided into two groups ≤ 65 < years.
A C C E P T E D M A N U S C R I P T
